Abstract
INTRODUCTION
Infantile hemangioendothelioma (IHE) of the liver is a rare mesenchymal tumor, but it is the most common benign vascular tumor of the liver in infancy. IHE has been described as a "tumor malformation" when it occurs in the uterus, and patients usually manifest symptoms or syndromes prior to the first year of life. Kunstadter et al [1] was the first to review and describe IHE in 1933. Since then, a series of cases have been reported in the literature. Previously, IHE was known as "multinodular hemangiomatosis of the liver" [2] . To date, most cases reported in the literature are IHEs mainly in the Caucasians. However, diseases affecting individuals of the Mongoloid race often present with unique characteristics. The purpose of this study was to examine the clinical and pathologic features of IHE in Chinese patients and to correlate these features with the treatment and prognosis. Some reports have suggested that a few IHEs may be metastatic and undergo malignant degeneration into angiosarcoma [3] , while most of the cases undergo involution and regression. These findings make the treatment controversial. In addition, we have reviewed adequately documented reports of similar tumors from the literature and compared them with our findings. This is the first and largest population of patients examined from a single institution in China in a period of 10 years.
MATERIALS AND METHODS
The records of 12 infants and children (including two aborted fetuses) with IHE of the liver seen at West China Hospital over the last 10 years between 2000 and 2010 were retrieved from the files of the Department of Pathology. West China Hospital is a Medical Center with the largest number of beds in China. The clinical data, laboratory examinations, radiographic findings, surgical findings, treatment, histopathological changes and outcome of these cases were retroactively reviewed. The surgical specimens from partial hepatectomies and biopsies were taken for histopathological evaluation and the morphological characteristics were reviewed according to the standard of diagnosis described by Dehner et al [4] . Follow-up information was available for all patients. Immunohistochemistry (IHC) using antibodies against CD31, CD34, Factor Ⅷ, cytokeratin 8 and cytokeratin 18 was performed on paraffin-embedded tissue specimens. IHC was performed using an Envision kit on a Dako automatic stainer (Dako, Carpinteria, CA). Positive (internal) controls were included. Sequential tissue sections treated with sera from the same species as the primary antibody were used as negative controls (Table 1) .
RESULTS

Clinical data
The clinical features of the IHE are listed in Table 2 . The age of the 12 patients ranged from fetal to 5 years. The patients were referred to our hospital for different clinical manifestations. Ten (83.33%) were seen at diagnosis, prior to 6 mo of age, with a mean age of 10 mo at presentation. There were three males and nine females, with a ratio of 1:3. Eight had asymptomatic palpable abdominal masses detected during a routine physical examination. Additional symptoms included abdominal distention and pain caused by a large tumor, jaundice, dyspnea, neonatal pneumonia and fever. A 5-year-old girl presented with repeated abdominal pain combined with a pneumothorax for 2 mo. No congenital defect was observed and no vascular tumor was found in the skin or other organs. No symptoms of congestive heart failure (CHF) were present in any of the patients. The primary physical finding was an upper abdominal mass or hepatomegaly, with some extending across the midline, with a smooth surface and sharp edges. No family history was reported in any case. No proof of maternal exposure to dangerous environmental factors during pregnancy was ascertained. The fetuses with IHE had no chorioangioma or intrauterine growth retardation detected antenatally using ultrasound.
Laboratory examination
Laboratory data, including hemograms and liver function tests were available for all patients, except for the aborted fetuses. Leukocytosis, anemia and thrombocytosis were found. One of six cases had hyperbilirubinemia and displayed jaundice. An elevated aspartate aminotransferase level was seen in five cases. The serum α-fetoprotein (AFP) concentration was abnormal in four cases. The serum hepatitis virus markers and blood coagulation system were normal in all patients. The laboratory examinations are summarized in Table 2 . 
Radiographic findings
Abdominal ultrasonography, computed tomography (CT), contrast-enhanced arterial phase CT and magnetic resonance imaging scans demonstrated different features in the solitary lesions and multiple lesions ( Figure 1 ). Local calcification was prevalent in this tumor and presented as a fine-speckled pattern. In the thoracic CT scans, the pneumothorax (case 5) appeared as lung consolidation, the left lung was compressed by air, and the mediastinum moved to the right.
Surgical findings and treatment
Nine cases presented with a solitary lesion in one lobe. The lesion was restricted to the right or left lobe of liver in five and three patients, respectively; one case had the tumor in the caudate lobe. Case 2 and case 8 had a huge mass arising from the right lobe that extended to the left and caudate lobe. The size of solitary lesions ranged from 5.0 cm × 3.5 cm × 2.0 cm to 13.8 cm × 9.0 cm × 7.7 cm and the lesion presented as a large, well-circumscribed, red-brown tumor, with a smooth and glittery appearance and a capsule containing abundant blood vessels of different sizes. On the cut surface, the tumor was more or less homogeneous, red-brown and partially ill-circumscribed ( Figure 2 ). Sometimes the tumor had partially stranded vessels and a central fibrosis or infarction. The lesion in case 5 was diffuse and multifocal, and both lobes were involved. Extensive multiple masses in the swelling liver made the surface irregular, and the nodules were too numerous to count.
The maximum diameter of the nodules was 1.1 cm. On the cut surface, the liver was replaced by diffuse multiple, solid or cystic, reddish-gray masses partially surrounded by a thin rim but without evidence of hemorrhage. All patients underwent surgical interventions. The tumor was completely removed surgically in seven patients, whereas segmental resection or left/right lobectomy was performed according to the size and location of the tumor. Three exploratory laparotomies with liver biopsies were carried out for the patients with multifocal and solitary lesions, but subsequent therapies were not accepted by their parents. In our series, the two aborted fetuses were delivered following induced labor.
Histopathological features
Because of the broad variety of histological features, the growth pattern of the tumors was subdivided into two subtypes: type Ⅰ and type Ⅱ. The nine cases of type Ⅰ consisted of vascular channels with some variations in structure and a single layer of endothelial cells without polymorphisms. Dilated capillaries were interspersed among loose, edematous, myxoid connective tissues. Disorganized elongated branching bile ducts and scanty cavernous structures were also observed in the lesion. A lesion with infiltrating inflammatory cells mimicked granulation tissues. Infarction, extramedullary hematopoiesis and foci of calcification were more prominent in the type Ⅰ cases (Figure 3) . No bile plug or thrombus hemorrhage was observed. Three cases were classified as type Ⅱ. Although two cases appeared as a solitary lesion, based on their histological morphology, they were classified as type Ⅱ. The remaining case was a multifocal lesion that diffusely spread throughout the hepatic parenchyma. The multifocal and sinusoidal parts in these lesions were more prominent than in type Ⅰ. At the periphery, the nodules were not encapsulated. The tumor nodules intermixed with the hepatic plate, and the normal hepatic parenchymal cells surrounding the nodules were compressed and infiltrated by projections of the tumor. The vascular spaces were twisting with irregular budding, branching and anastomosing structures. The endothelial cells were plump and more hyperchromatic and pleomorphic than those in type Ⅰ cases. of recurrence during the follow-up of 1-9 years. Followup ultrasonographic evaluation of the tumor volume and Doppler examination of tumor perfusion were performed in several cases; however, no evidence of tumor recurrence has been detected. The three patients (cases 2, 5 and 10) who underwent surgical biopsy only and without subsequent treatment were closely followed, and a regression in tumor size was noted by ultrasonography without complications.
DISCUSSION
In recent years, there have been important advances in the conceptual understanding of vascular tumors and malformations of the skin in infants. However, the study of hepatic IHE has lagged far behind skin lesions, in part because of its low incidence. Although IHE is the third most common type of hepatic tumor and the most common benign vascular tumor of the liver in infants, hepatic tumors are relatively rare in children, accounting for 2%-3% of all pediatric tumors [5] . Many diagnostic tests have been established for hepatic tumors in adults, but there are significant differences in pediatric tumors [6] [7] [8] .
Over the last 10 years, we have diagnosed 12 cases of IHE (including two cases diagnosed at autopsy), which accounted for 38.8% of liver tumors and 80% of benign liver tumors in children in our institution. Pediatric hepatic vascular tumors are usually divided into IHEs and cavernous hemangiomas. IHE of the liver has been recognized for over 70 years, and to date, most cases reported were in Caucasians. The current study for the first time details the characteristics of hepatic IHE in a Chinese population.
The patients in our series ranged in age from fetal to 5 years. Most (83.33%) of the lesions were diagnosed within 6 mo of birth [9, 10] . The sex ratio was 1:3 (male: female), consistent with other studies that demonstrated a clear female preponderance [9] . An asymptomatic abdominal mass or hepatomegaly found in a routine physical examination has been by far the most frequent symptom observed. Cutaneous and mucosal hemangiomas were not detected. The observed symptoms in Chinese individuals correct the misconceptions regarding the previously described associations with IHE, namely the classic triad of hepatomegaly, high-output CHF and cutaneous hemangioma [11] . There were no instances of CHF resulting from an arteriovenous shunt as other cases described in Mongoloid individuals [12] . Some previously described cases also had a variety of associated congenital abnormalities or hypothyroidism [13, 14] . In our group, a 5-year-old girl had prominent signs of dyspnea caused by a pneumothorax, which is an unusual combined lesion. As similar reports have not been reported to date, we are not sure about the correlation between the pneumothorax and IHE. Our assumption is that IHE (hepatomegaly) caused a portion of the right lung to become compressed, which led to the compensatory expansion of the left lung. This in turn resulted in a local pneumothorax.
The serum AFP level, which often increases in primary hepatic malignancies, has been used as an important tumor marker for hepatoblastoma, hepatocellular carcinoma and some germ cell tumors. In this study, the serum AFP level was increased in four of five infants (80%), although it is seldom elevated in IHE [15, 16] . Based on the data from laboratory examinations, we conclude that laboratory tests are neither nonspecific nor indicative of the diagnosis. As these lesions were excised or regressed, all the abnormal data subsided. These phenomena could be helpful in monitoring the recurrence of the tumor.
Imaging studies showed the presence of a space-occupying lesion in the liver and may provide a diagnosis or a differential diagnosis [17] . However, some cases undergoing involution may contain calcifications, fibrosis and vascular channel deficiencies which make it difficult to differentiate from other hepatic neoplasms. Therefore, biopsy of the mass is necessary for a definitive diagnosis. IHE presented as a solitary mass or multicentric nodules based on the radiographic findings and gross specimens. The former was more common in our study. It is noteworthy that the two solitary tumors in this group presented features of type Ⅱ lesions, whereas in the literature, the diffuse multifocal lesions were all classified as type Ⅱ. Therefore, solitary tumors are not exclusively type Ⅰ, and it is necessary to determine the histological type using microscopy. There seems no close correlation between the size of the tumor, solitary or multinodular appearance and poor prognosis in this study. IHE must be histologically distinguished from cavernous hemangioma, epithelioid hemangioendothelioma, angiosarcoma and mesenchymal hamartoma [4] . Cavernous hemangioma is less common than IHE in children. In cavernous hemangioma, the capillary and sinusoidal portions are invisible and are replaced by widely dilated nonanastomotic thin-walled vascular spaces lined with flat endothelial cells and supported by fibrous issues. Epithelioid hemangioendothelioma is regarded in the World Health Organization (WHO) classification as an intermediate grade tumor, composed of epithelioid or spindle cells growing in myxoid stroma. This tumor often infiltrates extensively and forms intracellular vascular lumina that may contain erythrocytes. Angiosarcoma is an extremely rare malignant tumor during childhood. The dilated vascular channels are lined by pseudopapillary processes, and the disrupted liver cells act as scaffolding for the pleomorphic, neoplastic endothelial cells. Giant cell formation, solid sarcomatous foci, intrasinusoidal spread and invasion of portal or hepatic veins within the liver are often observed in angiosarcomas. A history of exposure to toxins, age, immature vascular differentiation, malignant cell morphology, pathologic karyokinesis and vascular infiltration all suggest a diagnosis of angiosarcoma. The differential diagnosis between IHE and mesenchymal hamartomas is difficult. The latter is a mixture of bile ducts, mesenchymal tissue and blood vessels. Mesenchymal tissue presents as myxomatous stroma with loosely arranged stellate cells, and the bile ducts display a ductal plate malformation. In case 5, eosinophilic granulocytes were the predominant inflammatory component. This concealed the vascular nature of the lesion and led to the misdiagnosis of a parasite infection. The formation of vascular channels, the absence of exposure to pathogens and the absence of antibodies to parasites could be considered to avoid such a misdiagnosis.
Based on the results of our study, it is critical to remind pathologists that it is not possible to predict the clinical behavior of these tumors based on morphologic criteria alone as there was no significant correlation between the histological type (type Ⅰ or type Ⅱ) and prognosis. Dehner et al [4] subdivided the tumor histologically into type Ⅰ and Ⅱ [4, 18] . Type Ⅰ tumors are composed of capillary, sinusoidal and cavernous parts lined by plump endothelial cells with a bland cytological appearance [19] . Type Ⅱ tumors have areas composed of papillate tufting vascular channels that are lined by larger pleomorphic and hyperchromatic cells. Type Ⅱ tumors were thought to have a poorly formed and more aggressive microscopic appearance, but the presence of extensive endothelial cell proliferation, active mitosis and an infiltration margin do not indicate malignant characteristics compared with other pediatric tumors. Selby explained the cellular pleomorphism as a degenerative phenomenon in the setting of IHE, which is supported by other encouraging followup data [9] . The outcome in case 5, case 6 and case 8 in our study, which were classified as type Ⅱ tumors, demonstrated that histological type Ⅱ was not a significant indicator of poor prognosis, and the histological divisions have not been mentioned by the WHO classification [20] . In contrast, fibrosis, calcification and the formation of cavernous hemangiomatous foci are representative of regression or maturation. We propose to classify IHE into solitary and multifocal lesions rather than into type Ⅰ and type Ⅱ. However, to test the validity of this classification, a large number of cases and long-term follow-up will be needed.
IHE has been regarded as a benign vascular tumor by most authors, although a few have reported cases in which the IHE was malignant and developed into an angiosarcoma with eventual metastasis (especially type Ⅱ) [3, 21, 22] . All of the IHE cases in our study, except for the aborted fetuses, were associated with a good prognosis. In the natural course of our patients, the tumors grew rapidly for a period after they first appeared and then spontaneously involuted in the ensuing years. The natural evolution of this tumor, which is similar to that of cutaneous hemangioma during infancy, indicates a possible homogeneous histogenesis and functional differentiation. The prognosis is considered excellent except for some patients with severe complications, such as thrombocytopenia, hemolytic anemia, intravascular consumption coagulopathy and CHF that substantially contribute to the mortality associated with the tumor. However, these adverse risk factors are corrected once the tumor is resected. The more complications that occur, the poorer the prognosis will be. Therefore, pediatricians should pay a close attention to the complications to determine the best treatment strategy.
Because IHE frequently coexists and shares some biological features with cutaneous hemangioma, they may be related diseases. We presume that the simultaneous occurrence of hemangiomas in other organs can be attributed to a multicentric origin rather than metastasis [2, 9, 23] . "Kaposiform hemangioendothelioma", "retiform hemangioendothelioma", "composite hemangioendothelioma" and "epithelioid hemangioendothelioma" all demonstrate an intermediate or malignant clinical course. We propose that IHE should be designated "infantile capillary hepatic hemangioma". This name reflects its benign nature, which is better than "hemangioendothelioma" that often refers to the intermediate vascular tumor.
The treatment of IHE is controversial and the effects of the various forms of therapy are diverse and inconclusive [24] . The high survival rate in the IHE reported in this study, in contrast to the high mortality rates reported in the literature, illustrates the significant improvement made in the management of these tumors [4] . Although the tumor can spontaneously regress, it is necessary to guard against potentially life-threatening complications that may become a therapeutic challenge. Based on our experience, if IHE is discovered as a solitary asymptomatic mass and is a large lesion in a suitable location, partial hepatectomy should be the first line therapy [25] . There is no need for over-treatment of asymptomatic multicentric lesions. Supportive care, controlling severe complications and close follow-up are all necessary for the treatment of these lesions. The resolution of the hemangioma is best monitored by ultrasound. Additionally, there are reports of treating diffuse lesions with steroids, interferon or vincristine, but these treatments may have adverse effects. If there is severe heart failure, digitalis and diuretics, transfusion and steroids should be used before surgical intervention. The use of therapeutic radiation and cyclophosphamide still remains controversial [26] . Transplantation is not recommended, unless the IHE is complicated with severe liver failure [27] . In a word, integrating the clinical manifestations with pathological features is appropriate in the treatment of tumors.
In summary, this retrospective study covered 12 cases of IHE of the liver seen over the past 10 years. All of the patients with a solitary lesion remained alive following surgery, and the multifocal cases underwent spontaneous regression without additional treatment. All of the IHE cases in our study were benign vascular tumors and were associated with a good prognosis despite some aggressive histological appearances. There was no correlation between the clinical behavior and the morphologic features in these cases. This is the first and largest population of patients with IHE examined from a single institution in China over a period of 10 years. A rigorous, evidence-based study in the future will guide in the selection of therapies for this disease.
COMMENTS
Background
Infantile hemangioendothelioma (IHE) of the liver is a rare mesenchymal tumor, but it is the most common benign vascular tumor of the liver in infancy. Since the first article to review and describe IHE in 1933, a series of cases have been reported in the literature.
Research frontiers
To date, most cases reported in the literature have been IHEs mainly in the Caucasians. However, diseases affecting individuals of the Mongoloid race often present with unique characteristics. The purpose of this study was to examine the clinical and pathologic features of IHE in Chinese individuals and to correlate these features with the treatment and prognosis.
Innovations and breakthroughs
This is the first and largest population of patients with IHE examined from a single institution in China over a period of 10 years. All of the IHE cases in this study were benign vascular tumors and were associated with a good prognosis despite some aggressive histological appearances.
Applications
The clinicopathologic features of IHE in Chinese patients may provide a clue to further evidence-based studies and guide the selection of therapies.
Terminology
IHE of the liver is a rare mesenchymal tumor in infancy. Type Ⅰ and type Ⅱ are subtypes of IHE classified according to the histological characteristics. CD34, CD31 and factor Ⅷ are antibodies that are expressed mainly in vascular tumors. CK8 and CK18 are antibodies that are expressed in epithelial cells, including bile ducts.
Peer review
In this study, the authors investigated the clinicopathological features of 12 IHE cases. They describe that this is the largest series of IHE from a single institution of China. The prognoses of their cases were fairly good; this is a different result from that of previous reports.
